The unitary modification rules for neural networks with excitatory and inhibitory synaptic plasticity.
The unitary Hebbian modification rules for homo-, hetero- and associative LTP and LTD of excitatory and inhibitory synaptic transmission in the neocortex and hippocampus is proposed. To provide the realization of Hebbian rule it is postulated that only synapses activated by the transmitter are modifiable. The necessary condition for the induction of heterosynaptic LTD is the convergence of homo- and heterosynaptic afferents on both the target cell and 'common' inhibitory interneuron; and modification of common inhibitory pathway efficacy. It is revealed by computational model of postsynaptic processes that in a stationary state post-tetanic synaptic efficacy does not depend on the initial efficacy but is completely defined by the amount of transmitter released during tetanization. Excitatory (inhibitory) synaptic efficacy monotonically increases (decreases) with the intracellular Ca2+ rise that is proportional to stimulation frequency enlargement. Hebbian rule, the coincidence of pre- and postsynaptic cell activity, is only necessary conditions for synaptic plasticity. Modification, such as simultaneous LTP of excitation and LTD of inhibition (LTD of excitation and LTP of inhibition) could be obtained only due to variations in pre- and/or postsynaptic activity and subsequent positive (negative) shift in the ratio between protein kinases and phosphatases in reference to prior ratio.